A novel acidobacterial strain, Sakura1 T , was isolated from pieces of cherry bark. Cells of strain Sakura1
characteristics were found among the isolate and species of the genus Granulicella, there were obvious differences between them such as their cell morphology, cellulolytic activity, and tolerance to low temperature and NaCl concentration. Based on phylogenetic and phenotypic findings, a novel species is proposed in the genus Granulicella with the name Granulicella cerasi sp. nov. The type strain is Sakura1 T (5NBRC 107139
Culture-independent studies in recent years have shown that members of the phylum Acidobacteria are abundant in a variety of habitats such as soil, hot springs and metalcontaminated environments (Barns et al., 1999 (Barns et al., , 2007 Hallberg et al., 2006; Hugenholtz et al., 1998; Janssen, 2006; Selenska-Pobell et al., 2003) . This phylum branches deeply and as diversely as the Proteobacteria (Barns et al., 1999) . In addition to phylogenetic divergence, their physiological functions and phenotypic characteristics are also diverse. Holophaga foetida is known to decompose trihydroxybenzene, an organic substrate of low biodegradability (Liesack et al., 1994) , and Candidatus Chloracidobacterium thermophilum is described as being a photosynthetic bacterium (Bryant et al., 2007) . The family Acidobacteriaceae, the type family of this phylum, contains seven valid genera, namely Acidicapsa , Acidobacterium (Kishimoto et al., 1991; Pankratov et al., 2012) , Bryocella , Edaphobacter (Koch et al., 2008) , Granulicella (Pankratov & Dedysh, 2010) , Telmatobacter (Pankratov et al., 2012) and Terriglobus (Eichorst et al., 2007) . All species in this family are acidophilic heterotrophs generally growing under aerobic or microaerobic conditions, although Telmatobacter bradus can exceptionally grow by fermentation even under anaerobic conditions (Pankratov et al., 2012) . Among these genera, Granulicella is the largest group and consists of eight recognized species. Half of these species, Granulicella paludicola, Granulicella pectinivorans, Granulicella aggregans and Granulicella rosea, were isolated from Sphagnum peat bogs (Pankratov & Dedysh, 2010) and the rest, Granulicella arctica, Granulicella mallensis, Granulicella tundricola and Granulicella sapmiensis, were found in tundra soil (Männistö et al., 2012) . Species of the genus Granulicella are acidophilic organisms notably tolerant to low temperature. They are also known to resist significant concentrations of NaCl. In particular, the peat bog isolates have high tolerance to NaCl, and can grow at concentrations up to 3.5 % (w/v) (Pankratov & Dedysh, 2010 ). An acidobacterial strain, designated Sakura1 T , was recently isolated from bark of a living cherry tree in the temperate zone of Japan. Phylogenetic analysis based on 16S rRNA gene sequences suggested that the new isolate belonged to the psychrophilic genus Granulicella, in spite of differences in their habitats. Several phenotypic characteristics that differentiate the isolate from related species of the genus Granulicella were clear, and which strongly suggested that strain Sakura1
T represents a novel species of the genus.
Pieces of cherry (Prunus6yedoensis) bark were collected in 2008 from Tsukuba, Ibaraki, Japan (36.06 u N 140.12 u E). These were suspended in sterile water by vortexing. The suspension was serially diluted 10-fold in sterile water, and then plated onto R2A gellan gum plates containing (per litre) 0.5 g yeast extract (Difico/BD), 0.5 g peptone (Difico/ BD), 0.5 g Casamino acids (Difico/BD), 0.5 g D-glucose, 0.5 g soluble starch (Wako), 0.3 g sodium pyruvate, 0.3 g KH 2 PO 4 , 0.05 g MgSO 4 . 7H 2 O, 10 g gellan gum (Wako) and CaCl 2 at a final concentration of 2 mM. pH was adjusted to 7.2. The inoculated plates were incubated at 20 u C for 8 days. Colonies of strain Sakura1
T were restreaked on the same agar medium until it became axenic.
Colonies of strain Sakura1
T were circular, entire and smooth, and appeared pink due to the presence of a pigment. The visible absorption spectrum of its extract showed maxima at 493, 519 and 552 nm in chloroform, suggesting that the pigment was a carotenoid (Takaichi et al., 2010) . The pigmentation was more pronounced in cells grown at 10 u C than those grown at the optimal growth temperature of 30 u C. Phase-contrast microscopy (Olympus AX80) showed that cells of the strain were rod-shaped (0.5-0.8 mm wide, 1.0-1.7 mm long) and non-motile (Fig. S1 , available in the online Supplementary Material). For electron microscopy, cells were negatively strained with 1 % (w/v) aqueous uranyl acetate and examined under a Hitachi H-7000 electron microscope at an accelerating voltage of 75 kV. This showed that cells of strain Sakura1
T possessed a polar flagellum ( Fig. S2 ), although no motility was observed under any culture conditions. Cells of strain Sakura1
T stained Gramnegative.
The DNA G+C content of strain Sakura1
T was determined by means of HPLC (LC-10A; Shimadzu) with a UV detector, using established methods (Kamagata & Mikami, 1991; Shintani et al., 2000) . The DNA G+C content of strain Sakura1
T was 61.2 mol%. Fatty acid methyl ester analysis was performed using the method described by Shintani et al. (2000) . Cellular fatty acids were extracted from cells grown in liquid R2A medium for 3 days at 20 u C. The major fatty acids of strain Sakura1 T (Table 1) were iso-C 15 : 0 (56.4 % of the total fatty acids), C 16 : 1 v7c (28.9 %) and C 16 : 0 (5.0 %). Isoprenoid quinones were determined according to the method described by Zhang et al. (2000) , which revealed that strain Sakura1
T had menaquinone-8 as the major respiratory quinone.
Physiological and biochemical tests were performed using API 20 E, API 20 NE and API ZYM kits (bioMérieux) and Biolog GN2 microtitre plates according to the manufacturers' specifications (Tamaki et al., 2003) . The Biolog GN2 test revealed that strain Sakura1
T was able to oxidize a variety of sugars, for example glucose fructose, arabinose and mannose. In addition to these monosaccharides, it also oxidized bisaccharides such as sucrose, maltose and cellobiose. The results of API 20 E, API 20 NE, API ZYM and Biolog GN2 tests are given in the species description below and in Table 2 .
The absence of fermentation growth and nitrate respiration under anaerobic conditions was confirmed on R2A (containing glucose) plates using an AnaeroPouch (Mitsubishi Gas Chemicals) and on plates containing 0.2 % (w/v) potassium nitrate, respectively. Growth at different temperatures was tested on R2A gellan gum plates at 4, 10, 15, 20, 25, 30, 35, 40 or 45 u C for 14 days. Strain Sakura1 T grew at 10-30 u C, but not at 4 or 35 u C and above. Optimum growth occurred at 30 uC. The pH range for growth was investigated using liquid R2A medium supplemented with an appropriate buffering agent (pH 3.5-5.5, 10 mM sodium acetate buffer; pH 6.0-9.0, 10 mM potassium phosphate buffer) at 30 u C for 14 days. Strain Sakura1 T grew at initial pH between 4.0 and 8.5. No growth was observed at pH 3.5 or 9.0. The optimum pH for growth was 5.0-5.5. Tests of tolerance to NaCl showed that the isolate could grow in the absence of NaCl and with 0.5 % (w/v) NaCl added to the R2A basal medium (optimal growth was observed in R2A basal medium without additional NaCl). Strain Sakura1 T was sensitive to 1.0 % NaCl. Cellulase activity was examined according to standard methods (Marichamy & Mattiasson, 2005; Somogyi, 1952) T showed clear endoglucanase activity (hydrolysis of CM-cellulose), but no avicelase activity was observed. A phylogenetic tree based on 16S rRNA gene sequences was reconstructed using the neighbour-joining method (Saitou & Nei, 1987) . In the tree (Fig. 1) , strain Sakura1 T was placed within the clade of the genus Granulicella, but the isolate was obviously distant from any other species of the genus. Highest sequence similarity was to G. paludicola OB1010 T (97.1 %) followed by G. mallensis MP5ACTX8 T (96.2 %). Levels of similarity between the new isolate and other members of the genus Granulicella were less than 95 %. These significant sequence differences suggest that strain Sakura1 T may represent a novel species of the genus Granulicella.
The genus Granulicella consists of four species isolated from Sphagnum peat bogs (Pankratov & Dedysh, 2010) and four species isolated from tundra soil (Männistö et al., 2012) , and they share the following common features: sugars are preferred substrates for growth; iso-C 15 : 0 , C 16 : 1 v7c and C 16 : 0 as major cellular fatty acids; and menaquinone-8 as the respiratory quinone. In addition, almost all species have carotenoid pigments. Strain Sakura1
T also possessed all of these phenotypic characteristics typical of species of the genus Granulicella, and can be appropriately classified within this genus. However, clear phenotypic differences were found between the new isolate and Granulicella species (Table 3 ). Other species of the genus Granulicella can grow at less than pH 4 and 4 u C, but strain Sakura1
T was not able to grow at pH 4.0 or at 4 u C. In contrast to other Granulicella species, strain Sakura1 T was sensitive to 1 % (w/v) NaCl (in particular, peat bog isolates can tolerate 3.5 % NaCl). The DNA G+C content of strain Sakura1 T was 61.2 mol%, whereas those of recognized Granulicella species were less than 60 mol%. Catalase was positive in all other relatives, but was not produced in strain Sakura1 T . In addition, cellulolytic activity (endoglucanase activity) was found in strain Sakura1 T . While cellulolytic activity has been reported in the genus Telmatobacter (Pankratov et al., 2012) , there was no evidence for this in any other species of the genus Granulicella. Based on these clear phenotypic differences, strain Sakura1
T can be differentiated from other Granulicella species.
Phylogenetic analysis based on 16S rRNA gene sequences revealed that strain Sakura1
T was closely related to G. paludicola and G. mallensis. While the cellular fatty acid compositions of these two species and strain Sakura1 T were 
Granulicella paludicola OB1010 T (AM887758)
Granulicella mallensis MP5ACTX8 T (HQ687087)

Granulicella cerasi Sakura1 T (AB548308)
Edaphobacter aggregans quite similar to each other (Table 1) , strain Sakura1 T can be differentiated based on a number of phenotypic characteristics (Table 2 ). In addition to temperature and pH range for growth and their DNA G+C contents, strain Sakura1
T can be clearly differentiated from its closest relatives based on the following phenotypic characteristics: utilization of lactulose, raffinose, glucuronate and glutamate; nitrate reduction; and enzyme activities of, for example, esterase, cystine arylamidase and trypsin.
Based on the significant phylogenetic distance and differential phenotypic characteristics, strain Sakura1 T is considered to represent a novel species in the genus Granulicella, for which the name Granulicella cerasi sp. nov. is proposed.
Description of Granulicella cerasi sp. nov.
Granuricella cerasi (ce.ra9si. L. gen. masc. n. cerasi of cherry bark).
Cells are Gram-negative, non-motile, strictly aerobic rods 0.5-0.8 mm in diameter and 1.0-1.7 mm in length. Colonies on R2A gellan gum are circular, smooth and pink. Grows on R2A gellan gum at 10-30 u C (optimally at 30 u C). Grows at pH 4.5-8.5 (optimally at pH 5.0-5.5). Pink pigmentation is due to the presence of carotenoids. Oxidase is produced but catalase is not. Endoglucanase is present (CM-cellulose is hydrolysed), but avicelase is absent. Nitrate and nitrite are not reduced. Acid is weakly produced from glucose and indole is not produced from tryptophan. The predominant cellular fatty acids are iso-C 15 : 0 , C 16 : 1 v7c and C 16 : 0 . The major respiratory quinone is menaquinone-8. A variety of sugars (monosaccharides and disaccharides), i.e. L-arabinose, D-fructose, D-glucose, maltose, D-mannose, melibiose, trehalose, cellobiose, gentiobiose and sucrose, are used for growth, but D-galactose, lactose, melibiose, D-psicose, raffinose and L-rhamnose cannot be oxidized. A sugar alcohol, xylitol, can be oxidized, but not adonitol, arabitol or erythritol. Dextrin and a-cyclodextrin can be oxidized, but not glycogen. Almost no amino acids except L-proline,
and L-serine, can be oxidized. Gelatin is not hydrolysed. Can use pyruvate as a fatty acid, but not citrate, formate, lactate or propionate. In addition, the following other substrates containing glucosides can be oxidized: methyl b-D-glucoside, ONPG, p-nitrophenyl-b-D-galactopyranoside, aesculin, inosine and uridine. Positive for activity of alkaline phosphatase, esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase, a-glucosidase, b-glucosidase and N-acetyl-b-glucosaminidase, and weakly positive for esterase (C4), trypsin, b-glucuronidase and a-mannosidase. Negative for lipase (C4) and a-fucosidase.
The type strain, Sakura1 T (5NBRC 107139 T 5DSM 23641 T ), was isolated from cherry (Prunus6yedoensis) bark in Tsukuba, Ibaraki, Japan. The G+C content of the genomic DNA of the type strain is 61.2 mol%. T and other members belonging to the genus Granulicella in the phylum Acidobacteria Taxa: 1, strain Sakura1 T ; 2, peat bog isolates of G. paludicola, G. pectinivorans, G. aggregans and G. rosea (data from Pankratov et al., 2012) ; 3, tundra soil isolates of G. arctica, G. mallensis, G. tundricola and G. sapmiensis (Männistö et al., 2012) . +, Positive; 2, negative. *Two species can grow with up to 1.0 % NaCl and the remaining two can tolerate 1.5 % NaCl.
